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Introduotion 

' fhfa Atlas oontains plates ahcuing topside ionogrema reoocded by means 

Of the fiouette 11 aatdl i t6 .  Apart f ro lp  the gemrd outline givenbelow 

of the phenomena whioh may be 116811 i l lus t ra ted  by the plates, the 0 p p t i 0 ~  

for the various plates oontain speoifio comments relating t o  the individual 

iolaagrama and fks phenomena whioh they i l lustrate.  

Relevant Details of the Sate l l i t e  and Data dcauiaition System 

The Alouette X I  sa t e l l i t e  waa designed and bui l t  a t  the Defence 

Researoh Teleoonmunioations Establishment i n  Ottawa, C g ~ d a ,  and launohed 

i n to  orbit ,  'Be per t  of the ISIS-X payload, on 29 Nwenber, 1965, by the 

United States National hronautioe and Space bdminSstration. 

s a t e l l i t e  i s  i n  an orbit having an apogee of 2982 lon, perigee of 502 km 

~ n d  ino l imt ion  of 80'. 

The 

Alouette If oarries several experiments, but present volum 

oontains data from only the topaLde souader whioh i s  a swept-fkequenoy 

ionosonde operating over tbe frequemy range between 0.12 Mc/B and 

14.5 Mo/s. A n  ionogram i s  reoorded every 30.5 seooads approrimatsly, 

and the frequenoy sweep rate varies from about 0.15 Mo/s a t  0.12 Mc/a t o  

about 0.5 Mo/s a t  2 No/s; 
2 linear a t  1 Mo/s . 

2 

2 above 2 Mo/s the m66p ra t e  is  a p p r O X h t t 6 ~  

There is  no data storage f ao i l i t y  on the BpaoeoFaft and the data are 

thus eopuired in  r ea l  t i ne  a t  the various data acquisition stations 

operated by the U n i t e d  States o f ' h r i o a ,  Canada and the United Kil3gdom. 

The prsaent Atlae shows ionograma Fsoorded a t  the tm Speoial satellite 
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data aoquisition stations operated by the United Kingdom Radio and Space 

Researoh Station, vir. Port Stanley (52OS, 58OW) and Singapore (ION, 1W0E) 

and a l s o  a t  Winkfield @ION, low) which i b  one of fhe N.A.S.A. Stadan 

s t a t iom although it is operated by the B.S.B.S. 

these three S f a t i O M  are  all prooeseed t o  ionogsams on film a t  t lm B.S.B.S., 

The data reoorded a t  

slough. 

An Outline of the Phenomena i l lus t ra ted  by the Ionograms i n  the Atlas 

The ionograma reproduoed i n  the present Atlas have been eeleoted to  

i l lus t ra te  different types of Alouette 11 ionogrrpl whioh hare been obiemd,  

urd thw a b 0  Shm VarSOua phenOBIeXl8 h i o h  hare 8ppeWed f rm tbe-to-fime 

on the iomgrams. Tha plate8 illustrate the folie:- 

(a) 'Jbioel m a l  ionogcauis: Plates 1 t o  16 

Various dif%rent Qpes of normal ionogram may be men, of 

w h i o h  ahow difTerent phspolaeno inoluding, for example! the effeots whioh 

result frcm the sudden ohurge in  the  soutitier sweep rate a t  2 w/s.  he 

existenoe of narked @adients of ioniaation is indioated by the faof that 

oomeoutive iomgrams on partiorSar passes w e  sometintes strlkin& 

M e r e n t .  

(b) Tspioal obliatm ionognms: Plates 17 to 21 

It w i l l  be seen that traoes whio4at fiFst s&ht, appear to ham 

been prodwed by vertioally cefleated eohoer hate, in  faot, been produoed 

by oblique refleofiona. 

to deoide whether  the w in t r m e  wan due t o  rcsrtioal or t o  oblique 

refleotiom. 

On mveral oooaeionS it has been found impossible 



( 0 )  dddftionrl 'omvled' eoho trcaoea *oh 000u.r between the O-plasm 
reaontmoe a d  the Z traoe: Plates 6 Md 35 to  32 

Illuatrotions of the additlo coupleds eoho traoee are ahown 

sted that tha Rimlined reaotnnoe" (see Plate 37 for elampla) GUUI it is 

phemmenon (illustrated on Plate, 38) is assoobtsd with the ooupled soh0 

traoes in WQB nayy. 

(a) 
Severel of the plates show that, when a whole m t  of duoted eohoes 

are a l l  reoeived at  the same phoe, the eohoer a3d. t e r b t e  a t  the same 

f'requenoy. 

ooourred between a duotea eohe traoe and a falightly oblique X trace. 

(e) The gradual oonvermme of obliaue eohoesr Plate 22 

(f) Spread-F traces uhioh OQOW at drtual depths SMALLER than tbat 

Plate 33 reveals a situatioa in whioh oouplin$ appears t o  have 

of the main traoe: plate 23 

(6) 

(i) 

It my be seen fhaf Z traoee me fre 

either the 0 or X traoes, but that on sonte 08 

mre oomplete fhrn 

the Z traws appear to 

be "brokenm i n  the middle. 

plateer 45 to 47 BhQw f 

tationa whiah e 



Plate ir 

Plate 2: 

Plate 3: 

Pls te  4: 

Atypioal ionogram f'rom.Pass 231 over Winkfield. 
18 De0 65, 15.56.39 U.T., 6241, 79Ot7, 2811 Ba 

A typioal ionogram from Bass 23Z over Winkfleld. 
18 Deo 65# 18,04..32 U.T.) 28OW, 75Ot7, 2955 km 

A typioal ionograa A.cm Pass 38 o v e ~  Winkfield. 
The 2, 0 sad I traoes oan a l l  be seen. 
2 De0 65, 08.49.57 U.T., 7%, 3l0N, 1101 km 

A typioal ioaogram from Pass 38 over Winkfield. 
The 2, 0 a d  X traoes oan a l l  be seen. 
2 De0 65# 08.W$7 U.Tes 8%, 33Ot7, 1131 km 

A typioal ionogram from Pas# 38 over Whkf'ield. 
2 Deo 65s 08.50.58 U.Te, 8OE, 34OI?, 1163 km 

l!hree ionograms &om Pass 38 over Winkfield. 
general complexity OS the '2 traoe" eohoes is 
unexpeoted and ie due t o  the edsfenoe of addifional 
*ooupledn eohoes whioh s f a r t  near the base OS the 
Olplaama resonsrnoe (at  lor virtual aepths) and almost 
mewe trith the e trace i t e e l f  ( a t  high d r t u a l  depths). 

The phenomena shown %n f h i s  Plate should be studied 
in oonjunotion nith Plates 35 t o  39; Flate 37, i n  
particular, shows a good example of the a d d i t i o d  
moouplea* eohoea. 

The 

2 De0 65, 08.@.57 U.T., ?%, 28%, 1042 km 
2 De0 65, 08.49.37 U.T., 7%, 3I0N, I101 km 
2 De0 65, 08.50.27 U.T., Sox, 33'H, 1131 h 
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Plates 8, 9, IO, 
11 and 12: 

Five oonseoutive ionograms from Pass 176 over Port 
Stanley. 
on eaoh of the ion0 
the X traoe starts rt sero virtu81 depth) V a r i e s .  
This mew that the kinks which oocw a t  2 Mc/s (when 
the sounder sweep rate alters) f a l l  on relatively 
different parts of the ionogrsms. 
the dearease i n  the traoe Oiokness which oocuxs 'when 
the meep rate altere. 
Plate 8: 14 Dec 65, 01.35.39 U S . ,  72OW, 6I0S, 1021 km 
Plate 9: 14 Dao 65, 01.36.09 U.T., 71%, 6joS, 994 lan 
Plate 10: 14 Deo 65, 01.36.4.0 U.T., 69%, 65OS, 996 km 
Plate 11: 14 De0 65, 01.37.10 U.T., 68&, 66'5, 94.0 km 
Plate 12: 14 De0 65r 01.37.40 U.T., 66OW, 68'5, 914 km 

The cr i t ioa l  frequency i s  almost the same 
me,  but the frequency a t  whioh 

Plate 11 i l l u s t r a t e s  

Plate 12: 

Plate 14: 

A typical i onopm from Pass 122 over Sixgapore; 
eohoes were received between 2 and 4.5 Mo/s. 
be seen from Plates 45 to  47 that oonaeoutive ionograms 
from some paaaes over Singapore have dif'ferent frequenoy 
ranges within which no eohoes are deteoted; this 
phenomenon i s  obviously oaused by sa t e l l i t e  spin. 
9 De0 65# 11.58.27 U.T., 123'E, IOOS, 2248 km 

no 
It will 

Two ionograms from Pass I58 over Singapore. 
: 12 De0 65, 12.46.28 U.T., 103°E, 4ON, 2323. km 
: 12 De0 65, 12.48.30 U.T., laC0E, loss 2319 km 

Plates 15 and 16: Twelve ionagrams from Pass 232 over Winkfield. A 
sudden ohallge w i l l  be noticed between ionograms ( 0 )  
ani (a) on ma te  16. 

: 18 De0 65, 18.02.32 UT, 43%, 78'Ns 2921 km 
: 18 De0 65, 18.03.02 UT, 37OW, 77ON, 2931 km 

8 18 Dec 65, 18.04.32 UT, 28%, 75%, 2955 km 
: 18 Deo 65, 18.05.03 UT, 26$, 74ON, 2962 km 
: 18 De0 65, 18.05.33 UT, 23&, 73ON, 2968 km 

: 18 De0 65, 18.04.02 UT, 3I0W, 76%, 2947 km 

: 18 De0 65, 18.06.33 UT, 
: 18 De0 65, 18.07.33 UT, 

t 18 I ) ~ o  65, 18.06e03 UT, 

: 18 De0 65, 18.08.03 UT, I 
8 18 De0 65, 18.09.15 UT, I 

i 8  De0 659 18.09.45 UT, I 



VII. 

Plate 13 

Plate 18: 

Plats 12; 

Plate 20: 

P l a b  21: 

Three ionograas Prom Pass 173 oyer Winkf'ield. , 

Ionogram (8 )  shows two traces whioh a t  first sight 
ap ear t o  be the.normal 0 and X traoes. 
(bj and (c), however, &ow a third trace w h i o h  
suggests that a t  l e a s t  one of the other two traoea 
must be produoed by oblique reflections. 

Ionograms 

13 De0 65, 18.52.15 U.T., loE, @ON, 294.4 km* 
13 De0 65, 18.53.15 U.T., l0E, Won, 2928 fop 
13 De0 65, 18.56.4.6 U.T., 2'E, 37'N, 2898 km 

Four ionograms from Pass 146 over Singapore. 
( 0 )  Shovs a single traoe which a t  first sight may be 
assumed to be a mrmal X trace. 
ionograms ahma, hone-, thet the single traoe on 
ionogram ( 0 )  was produced by oblique refleotions. 

Ionogram 

A study of the other 

11 De0 65, 12.33.02 U.T., 110%, 7'5, 2229 km 
11 De0 65, 12.33.32 U.T., llOoE, 8OS, 2201 km 
11 De0 65, 12.34.02 U.T., l l loE, lo's, 2173 fop 
11 De0 65, 12.35.02 U.T., Ill%, 12'8, 2116 km 

A typical ioaogrem f r o m  Pass 227 over Winkfield. 
i s  impossible t o  deoide whether  or not the X trsoe w8s 
produoed by oblique refleotions. 

18 De0 65, 07.37.56 U.T., 5%, 55%, 2236 Icm 

It 

A typioal iomgram Pass 274 over'winkfield. It 
is impossible t o  deoide whether o r  not the X traoe was 
prodwed by oblique refleotions 
22 De0 65, O6.it6&U.Tp., 9%, 50%, 2296 ka 

-0 ionOgrrueS f i o p l  PasSes (8) 101 OVW Whkf'idLB and 
(b) 113 over WinHield reapeotively. 
to tleoi.de whether or not thr, X trace was produoed by 

p] 7 De0 65, 16.5724 U.T., %% 573, 2950 h 
b 8 De0 65, 47.14.00 U.T.# 26%, 60 N, 2942 k. 

It is impossible 

Obli- Z'&hOf%OM. 
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Plate 22: 

Plate 21: 

Plate *t 

Plate 25: 

Plate 26: 

Six ionograms from Paas 3 over Winkfield. 
of ionograms ahows the g~adual convergence of the 
normal and oblique sets of traces. 
a)  29 Nov 65, 10.07.13 U.T., 4OE, 59ON, 1566 km 

The series 

29 Nov 65, 10.08.16 U.T., 
29 Nov 65, 10.08.48 U.T., 

7OE, 62ON, 1632 km 
8OE, &ON, 1669 km 

29 Nov 65, 10.10.22 U.T., 12'E, 68ON, 177.1 km 
29 Nov 65, 10.11.26 U.T., 16OE, 7I0N, 1840 km 
29 Nov 65, 10.11.58 U.T., 19OE, 72ON, 1873 lq 

Tu0 ionograms from Pasa 168 over Winkfield. 
ionogrema show additional "spread-F" kraoea whioh all 
ooour a t  virtual b p t h s  smaller than that of the main 
X tram. 
t a l  13 Deo 65, 08.05.58 U.T., 2:E, 43;Nn, 1766 km 
b 13 De0 65, 08.06.28 U.T., 3 E, 44 N, 1798 km 

Both 

Tu0 ionograms from Pass 73 over Winkfielcl. 
(b) shows a s e t  of additional traces whioh a l l  ooour 
a t  virtual depths p e a t e r  than that of the main X traoe. 

Ionogram 

5 De0 65, 07.42.57 U.T., 20°E, %ON, 1288 km 
5 De0 65, 07-44.27 U.T., 2I0E, W0N, 1386 km 

S i x  ionograms from Pass 28 over Singapore. 
spread-F seems t o  oonaist of additional traoea w h i c h  
ooour between the main X trace (olearly viaible on 
i 0 n o g r - V  and (f)) and a pronounoed oblique traoe 
(olearly viaible on ionograms (b) and (a)). 

The 

I De0 65, 13.45.45 U.T., Ill+%, 29'5, 2167 km 
I De0 65, 13.44.wC U.T., 1143, 26'5, 2223 km 
1 De0 65, 13.44.14 U.T., 114 E5 25'5, 2251 km 
1 De0 65, 13.43.11 U.T., IlJOE, 22'5, 2308 km 
3 De0 65, 13.42.42 U.T., ll3%, 21'5, 2333 Irp, 
I De0 65, 13.42.10 U.T., 113OE, 20'9, 2361 Ion 

An ionogram from Pass 109 over Wi&f%eld. 
oompriaing the spread-F echoes are siailar to tbat 
shorn in ionogram (e) of Plate 25. 
8 De0 65, 08.36.27 U.T., I%, 37ON, 1422 km 

The traoes 
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Flats 2Z: 

Plate 28: 

Plate 30: 

Plate 31: 

P&te 32: 

Four ionoptma from Pass 200 over Singapore. 
iomgrams show different stages i n  the development of 
an important set  of oblique eohoes. 

The 

16 De0 65, 00.37.53 U.T., 99tE, 63, 912 km 
16 De0 65$ 00.38.23 U.T., 99 E, 4 5, 939 km 
16 De0 65, 00.39.54 U.T., 99$, ION, 1022 km 
16 Dee 65, 00.40.25 U.T., loo%, JON, 1052*km 

Two ionograms from Passea (a) 52 over Singapore and 
(b) 40 over Singapore reapeotively. The ionograms 
show traoes whioh appear t o  have been reflected a t  
emall vi r tua l  depths, but wbioh have aotually been 
ref’leotad a t  awh large virtuel depths that they have 
been reoeived baok in fhe receiver dtrriDg the sweep 
ASBOObfed W i t h  t he  SUOOeed%Dg trWi&tted pUlSe. 

3 De0 65, 14.01.2l+ U.T., 98%, 1945, 2908 km 
2 De0 65, 13.45.26 U.T., 1O4OE9 15ON, 2883 km 

Anionogram from Pass 99 over Singapore. The 3.omgr.m 
shows a typical example of duotea eohoas; it should be 
noted tha t  a l l  the duoted eoho traoes terminete it t h e  

7 De0 65, 13.23.27 U.T., 105°E, 8OS, 2363 km 
same frequemr. 

An ionograpa from Pass 52 over Singapore. 
shows a typical example o f  a dwted eoho pattern. 
3 De0 65, 14.04.56 U.T., 98%, IlOS, 2824 km 

The iomgrsm 

An ionogrsm f’rorn Pass 173 over Winkf’ield. 
shows a group of three traoes formed by strong duoted 
eohoes. 
13 De0 65, 18.58.18 U.T., 3?E9 29’I’?, 2806 km 

The ionogrsm 

An ioaogram f rom Pass 3& over WixWield. 
ionogrm shows strong duoted eohoes whioh ell 
ferppinate a t  the same f’requenq. 
28 De0 65, &.22.07 U.T., 28OE, 29°1y, !2Q70 km 

The 
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Plate 33: 

Plate * 

An ionogram from Pass 173 over Winkfield. 
reveal a situation i n  whioh ooupliDg appears t o  have 
ooourred between a duoted eoho traoe a& a d i g h t l y  
oblique f traoe. 
13 De0 65, 18.52.15 U.T., IoE, 42%, 2944 km 

The traoes 

Four ionograms from Pass 170 over Singapore. 
ionograms show changes between the duoted eoho pattern 
observed a t  dQht ly  different lati tudes during a pass. 

The 

13 De0 65, 12.52.52 U.T., 94OE, 3I0N, 2839 km 
13 De0 65, 12.53.22 U.T., 94'E, 3OoN, 2825 km 
13 De0 65, 12.54.22 U.T., 95'E, 28ON, 2796 km 
13 De0 65, 12.54.52 U.T., 95%, 26ON, 2780 km 

Plates 35 and 36: Two ionograms from Pass 188 over Singapore. 
ionograms shm typioal (rather than exoellent) examples 
of the additional *coupled" eoho traoes whioh start a t  
the 0-plasma resonanoe, but which ultimately beoome 
olose to  and parallel  with the normal 2 traoe. 
better example of these additional traoes is shown i n  
Plate 37, and it i s  interesting to  study these Plates 
in oonjunotion w i t h  Plates 38 and 39. 
Plate 35: 15 De0 65, 00.23.09 U.T., l06%, 4ON, 104.0 km 
Plate 36: 15 De0 65, 00.22.09 U.T., 106OE, I%* 987 km 

Both 

A 

Plate 3 3  An ionogram Prom Pass 38 over Winkfield. 
additional "ooupled" eoho traoee whioh emerge from the 
0-plasma resonanoe ( a t  low Mud depths), but whioh 
eventually beoome oloee to and para l le l  with the normal 
2 traoe (at larger virtual depths) may be seen. 

Beaders may find tha t  the addi t ional  traces ahown on 
the Alouette 11 ionograms are more easily visible if' 
the pr in t  is  held up in a horiaontd position in e o n t  
o f  them suoh that their eyes are slraost in the plane 
OB the ionogrm. 
2 lbo 65, 08.k9.57 U.T., 7&, 5645, 1101 ktp 

Three 



Plates 38 and 32: Bn ionogram from Pass 38 over Wiinkfieldj 
ahon the same ionogram processed w i t h  different v i r tua l  
height r.mgss. 
that there i s  a dqle re802187108 assooiated with both 
the C-plaama and 2-infinity conditions, and that this 
resonmoe is  inolinea t o  the vert ical  axis. 
phenomenon should be studied i n  oonjunotion with Plates 
6 and 37; 
%nolinea resonance" phenomenon is  assooiated i n  some 

2 De0 65, 08.52.29 U.T., 9%, 390N9 1258 kn 

both Plates 

It appears, from Plate 38 partioubrlg,  

This 

it seems reasonable t o  eugwst that the 

way with the additional "ooupled" eoho fraaes. 

Plates 40 ana 41: These Plates show five examples of almost oomplete 2 
traces (eaoh having a typical "&bend") while norm of 
the other normal trams shown are complete. 

13 De0 65, 13.13.31 UT, 99'2, 2O:S, I860 km 
3 De0 65, 14.16.30 UT, IOOoE, 16 9, 23% km 
3 De0 65$ 14~17.00 UT, IOO~E, 973, 23JY km 

13 De0 659 08.03.57 UT, 
13 De0 65, 08.04.27 UT, I0E, 39'10, 1667 km 

1 E9 37 8, 1635 hi 

PlaG 42': 

Plate * 

Plate 4: 

Two ionograms from Passes (a) 168 over Winkfiela ana 
(b) 14 o w r  Winkfield respeotioely, Both ionograms 
ahow a 2 traoe whioh appears t o  be%roken* in  the 
W e .  

I 3  De0 65, 08.03.26 U.TI, I%, 36%, I601 km 
30 Nov 65, 08.16.44 U.T., 2l0E, 38ON, 1168 km 

Two ionogslune from Passes (a) 52 wBr Sitgapore and (b) 
158 over Singapore respeotively, Both ionograms show 
an X traoe w i t h  B mloopm on it. 

3 b o  65, 1ke07.57 U.T., 99$, 4'N, 2728 ftln It] 12 De0 65r 12.42a27 UIT., 102%, Ikon, 2607 km 
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Plates 45, 4 6 Seventeen consecutive ionogrms from each of Passes 

ionograms from Pass 87 i n  the left-hand column and 
from Pass 110 i n  the rlght-hand oolumn. Plate 45 
oontains the first six Prom each Pass, Plate 46 
0 0 r r t S i ~  the second six end Plate 47 contains the 
rennining five of the seventeen ionogrms. 

It i s  immediately obvious that, fo r  any of the 
seventeen pa i rs  of oorresponding ionograms, both.the 
ionogrems look alike. 
whioh eohoes were received or not received are similar 
for both ionograms i n  any particular pair. 

It will also be notioed that for  both Passes the 
eoho pattern i s  repeated every four ionograms; fo r  
ezBmple, the first, fifth, ninth, thirteenth and 
seventeenth ionograms i n  eaoh Pass are all aimilar. 
Obviously, the explanation of the phenomena i l lus t ra ted  
i n  these Plates must involve sa t e l l i t e  spin. 
various sa t e l l i t e  antexma orientations whioh exist when 
oonaeoutive ionograms are recorded depend on (I) the 
eatellite spin period and (2) the time interval between 
individual ionograms, and w i l l  give r i s e  t o  the kind of 
resu l t s  observed. 
Plate 45(a): 6 De0 65, 12.59.24 UT, 110%, 6On, 2674 km 

: 6 De0 65, 12.59& UT, llOoE, 5ON, 2655 km 
: 6 De0 65, 13.00.24 UT-, llOoE, 4ON; 2635 km 
: 6 De0 65, 13.00.A UT, llQoE, 3ON, 2615 kra 
: 6 De0 65, 13.01.25 UT, IIOZE, 2$, 2593 km 
: 6 De0 65, 13.01.55 UT, 111 E, ION, 2572 km 
: 8 De0 65, 11.34.28 UT, 128OE, 5On, 254 km 
: 8 De0 65, 11.34.58 UT, 128EE, 43, 2562 km 
: 8 De0 65, 11.35.29 UT, 128 E, 20N, 2539 km 
: 8 Dee 65, 11.35559 UT, 128OE, I N, 2517 km 
: 8 De0 65, 11.36.30 UT, 129OE, O%, 2493 km 
: 8 Deao 65, Il.37.00 UT, 129OE, IoS, 2470 km 
: 6 De0 65, i3.02.25 UT, IIIZE, 1OS, 2550 km 
: 6 Beo 65* 13.02.55 UT, Ill E, 2'8, 2528 km 
: 6 Dee 65, 13.03.26 UT, 11IoE, 3'9, 2% km 
I 6 Deo 65r 13.03.56 UT, IIIZE, 4:S, 2481 lon 
: 6 De0 65, 13.04.26 UT, IIIoE, 6 S, 2457 km 
; 6 De0 65, 13.04.56 UT, 111 E, 7OS, 2433 km 
: 8 Deo 65, 11.37.30 UT, 129OE, 2'3, 2445 km 
: 8 De0 65# 11.38.00 UT, 12S0E, 4OS, 2621 km 

end 43 87 and 110 over Singapore. Each Plate contains 

The ranges of frequenoy for  

The 

: 8 De0 65, 11.38.30 UT, 129OE, 5'9, 2396 km 
s 8 Deo 65# 11.39.00 UT, 129OE, 6'8, 2371 km 
: 8 De0 65, 11Jge31 m, 429%, 8'3, 2344. km 
: 8 Deo 65, Il.l@.Ol UT, 129%, 9OS,  2318 km 
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t 6 h a  65# 13.05.26 UT, 141'E, 8'5, 24.08 km 
: 6 Dec 65, 13.05.56 UT, III'E, 9'5, 2383 km 
: 6 Dee 65, 13.06.27 UT, III'E, 11'5, 2356 km 
: 6 h o  65, 13.06.57 UT, 142%, 12'S, 2331 hn 
: 6 De0 65, 23.07.27 UT, 1423, 4 3 3 ,  2306 km 
P 8 De0 65, 11.40.32 UT, 129 E, IOOS, 2290 km 

o 65, 11.44.02 UTo 130°1!, I 1  S, 2264 km 
i )  d30%iE, lJ0S, 2236 lon 
, Ifl'E, 14:Sr 2M8 hn 

: 8 Bee 65, 11.42.33 UT, 130°E, 35 S9 2179 km 



W 
I- 

4; 
rn 

z 
0 .. 

m 
io’ a 
C 
CD 
3 n 
Y 

Virtual depth (km) 

cn 



Z 
0 

M 
.. 

Virtual depth (km) 

b 



Virtual depth (km) 

z 
0 .. 
w 



Virtual depth (km) 

-0 
r- 

3 
rn 

Z 
0 
P 
.. 

b 
in 

I 



Virtual depth (km) 



0 

- 
E 1000 
Y 
W 

f 2000 8 

o> 
-0 

- 3000 

c 
L 5 4000 

a 

P 

E 
Y 
W 

0.2 0.5 0.9 1-5 2 4.5 6.5 

Frequency (AWS) 

PLATE No: 6 



Virtual depth (km) 

'TI 
r 

3 m 
Z 
0 .. 



’0 r 

3 
m 

Z 
0 .. 
00 

0 cn 

cp cn 

Virtual depth (km) 
4 4 

cn 
0 
0 0 

0 
h) 
0 cn 
0 0 0 
0 0 0 



Virtual depth (km) 



W 
I- 

Ir; m 

Z 
0 

0 

.. 
-.I 

Virtual depth (km) 

n 
m f- a m  
C 

7 

n 
Y 

e- cn 



-0 r 

3 
m 

Z 
0 .. 
4 
4 

P 
cn 

Virtual depth (krn) 
h) d d cn 0 0, 

0 0 0 
0 0 0 0 

I I I I 

0 
0 
0 

I 

? cn 



W 

5 rn 

z 
0 .. 

T ,  
11 
iD 
S 
n 
Y 

C G  

Virtual depth (km) 

0 
cn 



W 

5 
rn 

z 
0 .. 

Virtual depth (km) 



I I I I I I I 
4-5 6.5 8.5 0.5 0.9 1-5 2 

Frequency ( MC 1 s )  



n n 



Virtual depth (km) 
& 8 N - -  

0 0  
0 0 0 0  
0 0 0 0 0  

a 



a 

0 - 
E 1000 

f 

Y 
v 

Q 2000 
a, 
TI 
- 3000 
2 
c L 

5 4000 
b 

0.2 0.5 0.9 1.5 2 4;5 6.5 

Frequency (McIs) 

PLATE No:17 



P- 

3 
rn 

0 .. 

n 

Iz c 
0 
3 n 
Y 

3 

Virtual depth (km) 

* g g G  0 0 0 0 0  
0 0 0 0 0  

e 
0 0 0 0  
o g 8 s  
B ? ? ? ?  

n 

e n 



Virtual depth (km) 

, 



Virtual depth (km) 

2; h) 
0 

W 
0 
0 0 

P 
0 

8 0 8 0 0 

0 

z 
0 .. 



0.2 0.5 0.9 1-5 2 4.5 6.5 

Frequency (Mcls) 

PLATE No: 21 



Virtual depth (km) 

71 
ii; 

z 
9 
C 
(D 

Y 

8 

01 

h) 

h) 

? 

CP 

01 

01 

cp 
01 

P P U N -  
0 0 0 0  
0 0 0 0  0 0 0 0  

0 0 0 0 0  0 0 0 0 0  
eggs 

. 3  
--h 

8 g k 3 s  
0 0 0 0  
0 0 0 0 0  



0 - 
E 

&5 1000 

5 
$- 2000 
-0 

- 
0 3000 

5 4000 

3 
.I- 
L 

b 
4.5 6.5 

Frequency (Mc 1s) 



I I 

d.5 0.9 1-5 2 

Frequency (Mc/s) 



Virtual depth (km) 
& g % S  
0 0 0 0  

g g % S  P 

0 0 0 0 0 0  
0 8 E 6  0 0 0 0  0 0 0 0  

A n 



?, 
N 

N 

Virtual depth (km) 



W 

I 5 
rn 

z 
0 .. 
h) u 

r 
Q 
C 

3 n 
Y 
/? 

3 
n 
\ 
v) 
v 

n 



0- 

0.2 0.5 0.9 2 

Frequency (Mcls) 

LATE 9\10:28 



-u 

I 

r > 
rn 

z 
0 .. 

P 
U 

Virtual depth (km) 



Virtual depth (km) 



?. cn 

N 

Virtual depth (km) 
4 

0 
0 

N 
0 

0 0 0 0 
0 
0 0 

w 
0 
0 

g 



Virtual depth km 

2 
rn 

Z 
0 .. 
0 
13 

a 

N d 

0 0 
0 0 0 

0 0 0 0 0 
8 
0 

8 



Virtual depth (km) 

5 .. 
0 
0 

0 
tb 

d 

0 
0 

% P 0 
0 0 
0 
0 

0 0 
0 0 0 0 



Virtual depth (km) 

0 .. 

o p 3 g : i j  
Q ? ? ? ?  
0 0 0 0  



Virtual depth (km) 

cr 
Ln 

G 0 hl 
0 
0 0 

0 
P 
0 

0 
0 0 0 0 0 
0 



-0 

E rn 

z 
0 

0 
0. 

.. 

0- 
Ln 

0- 
-Q 

Virtual depth (km) 

5 
0 0 

P W 
0 0 
0 0 0 
0 0 0 0 

8 
I I I I I 

93- 
Ln 



Virtual depth (km) 

n 
3 
9 s 
u" 
F 
2 
ul 
Y 

c? 
01 

N 

e 
01 

90 
01 

P 0 h) 4 

0 
0 

0 0 0 
0 0 0 
0 0 0 0 0 

~ . .. . . . . . .. . . ~ ~~ 



m 
z 
0 .. 
w 
a0 

2 
-Q 
C 
m 
=I 
A 
Y 
h 

N 

Virtual depth (km) 



V 

6 
r n  

Z 
0 

0 
9 

.. 

n 
3 
11 
C 
(D 
3 n 

.Y 

e 
Ln 

Virtual depth (km) 



W 

' U  

0 

T 

"a 2000 

u> 

1000 

L 

a, 
TJ 

3000 - 
t L 

5 4000 

b 

0 - 
E 
24 1000 v 

g 2000 
a, -u 
- 3000 u 
3 
9- L 

5 4000 
C 

0.2 0.-5 0; 9 2 4'.5 6.5 

Frequency (Mc/s) 

PLATE N0:40 



f n 
Q, 
71 

0 15 0; 9 1.5 2 4:5 6:5 8:5 



a 

0.5 0.9 1.5 2 415 6:5 

Frequency (Mcls) 

PLATE No:42 



c--r E 
Y 
u 

f 
Q 
a, 
73 

0.9 2 4.5 

c- 
E 
Y 
d 

f 
Q 
a, 
73 

0 

1000 

2000 

3000 

4000 

0.9 1.5 2 4.5 6.5 

Frequency (Mcls) 



a 

Frequency (Mc /s) 

PLATE No:44 

b 



0.9 1.5 2 4.5 6.5 

I I I I 1  

Frequency (Mc/s) 

PLATE N o d 5  



0 

2000 

4000 

0 

2000 

4000 

0 

,--. 
E 2000 

f $+ 4000 

- D o  

s 
5 2000 

Y 
v 

- 
c L 

4000 

0 

2000 

4000 

0 

2000 

4000 

09 1 5  2 45 65 1 5  2 4 5  6 5  0 9  

Frequency (Mc/s) 

PLATE No:46 



.- 
Y O  
v 

5 
Q 
Ill u 2000 

- 
U 
3 

4- L 
4000 5 

0 

2000 

4000 

0 

2000 

4000 

0 9  1 5  2 4 5  6 5  09 1 5  2 4 5  6 5  

Frequency (Mck)  

PLATE No:47 


